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(57)Abstract: 

PURPOSE: To provide a spark-ignition engine 
provided with means for optimizing tlie ignition timing 
of the spark-ignition engine regardless of the sort of 
fuel, and the ignition timing optimum control method. 
CONSTITUTION: A spark-ignition engine 10 is 
provided with an angle sensor 22 for measuring the 
crank angle of a crank 16, a combustion sensor 20 
for measuring the mass combustion rate of fuel in the 
combustion chamber 18 of a cylinder 12, an 
arithmetic unit 24, and a control device 28. On the 
basis of the crank angle measured by the angle 
sensor 22 and the mass combustion rate measured 
by the combustjon sensor 20, the arithmetic unit 24 
computes the optimum ignition timing by Y=aX+b, 

where Y is the ignition timing indicated at the crank angle before the top dead center, X is 
the difference between the crank angle at the optional reference mass combustion rate of 
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fuel injected into the cylinder and the crank angle at the optional mass combustion rate in 
the advanced stage of combustion, and a. b are constants determined by the characteristic 
of the spark-ignition engine. The control device 28 controls the ignition timing of the spark- 
ignition engine on the basis of the optimum ignition timing computed by the arithmetic unit. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the spark-ignition engine which had the crank connected with the piston in a cylinder 
and a cylinder, and has changed the reciprocating motion of a piston into rotation through a crank 
The angle sensor which measures whenever [ crank angle / of a crank ], and the combustion sensor 
which measures the mass combustion rate of the fuel in a cylinder combustion chamber, whenever 
[ crank angle / which was measured by the angle sensor ], and the mass combustion rate measured by 
the combustion sensor — being based ~ following formula Y=aX+b — [ ~ here The difference of 
whenever [ in the criteria mass combustion rate of the arbitration of a fUel that the ignition timing 
which displayed Y by whenever / in front of a top dead center / crank angle /, and X were injected 
into the cylinder / crank angle ], and, whenever [ in the mass combustion rate of the arbitration in the 
phase, in which combustion advanced / crank angle ], a and b are a spark-ignition engine 
characterized by having the arithmetic unit which computes a spark-ignition engine's ignition timing 
by constant] which becomes settled with a spark-ignition engine's property, and the control unit 
which controls a spark-ignition engine's ignition timing based on the ignition timing computed by 
the arithmetic unit. 

[Claim 2] The spark-ignition engine according to claim 1 with which said combustion sensor is the 
pressure sensor which measures the pressure of the combustion chamber of a cylinder, and said 
arithmetic unit is characterized by computing the mass combustion rate at the time of the pressure 
survey of the fuel injected into the cylinder from the relation between the pressure of a combustion 
chamber, and the mass combustion rate of a fuel based on the pressure survey value by said pressure 
sensor. 

[Claim 3] In the ignition timing optimum control approach of the spark-ignition engine which had 
the crank connected with the piston in a cylinder and a cylinder, and has changed the reciprocating 
motion of a piston into rotation through a crank whenever [ crank angle / which was measxured by the 
angle sensor which measures whenever / crank angle / of a crank ] the mass combustion rate 
measured by the combustion sensor which measures the mass combustion rate of the fuel in a 
cylinder combustion chamber ~ being based — following formula Y=aX-i-b — [ — here The difference 
of whenever [ in the criteria mass combustion rate of the arbitration of a fuel that the ignition timing 
which displayed Y by whenever / in front of a top dead center / crank angle /, and X were injected 
into the cylinder / crank angle ], and, whenever [ in the mass combustion rate of the arbitration in the 
phase, in which combustion advanced / crank angle ], a and b are the ignition timing optimum 
control approach of the spark-ignition engine characterized by being constant] which becomes 
settled with a spark-ignition engine's property, computing a spark-ignition engine's ignition timing, 
and controlling a spark-ignition engine's ignition timing based on the computed ignition timing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ignition timing optimum control approach 
applicable to a spark-ignition engine about the spark-ignition engine having an ignition timing 
optimum control device, if it says to a detail further about a spark-ignition engine. On these 
specifications, a spark-ignition engine has the cylinder engine of a two cycle or a four cycle, and 
means a reciprocation type internal combustion engine. 
[0002] 

[Description of the Prior Art] In a spark-ignition engine, if ignition timing is too early, a combustion 
stage will become too much early, it becomes the work which depresses a piston at the time of a rise 
of a piston, if ignition timing is too late conversely, a combustion stage becomes late too much, when 
descent of a piston is large, a firing pressure will act, and it does not become effective work. Then, a 
jump-spark-ignition power and fuel consumption are raised, or defanging of exhaust gas is 
promoted, and research which optimizes a spark-ignition engine's ignition timing is briskly done 
from the standpoint which aims at environmental manipulation and energy saving. Theoretically, a 
spark-ignition engine's optimal ignition timing is a time of whenever [ crank angle ] reaching a 
minimum point fire tooth lead angle (Minimum SparkAdvance for Best Torque) (it being hereafter 
called MBT for short simply), and lighting there is optimal in respect of an output and fuel 
consumption. Here, a minimxmi point fu*e tooth lead angle (MBT) is the include angle of the crank 
equivalent to ignition timing which generates the maximum torque in the range from which knocking 
is not started. So, whenever [ crank angle / which is equivalent to MBT with various means ] is 
computed so that ignition timing may be set to MBT, and this is controlling ignition timing by the 
conventional spark-ignition engine mechanically or electronically. 

[0003] For example, JP,56- 165772, A is indicating the ignition timing adjustment equipment of the 
engine which uses the composite fuel which mixed alcohol and a gasoline. The equipment forms the 
ignition timing adjustment equipment which adjusts ignition timing based on the output of the 
alcoholic concentration sensor which detects the alcoholic concentration of composite fuel, and an 
alcoholic concentration sensor, and when alcoholic concentration is beyond the set point, it 
constitutes it so that ignition timing may be advanced. 

[0004] Moreover, JP,1-193079,A is indicating invention which was made to light at the optimal 
ignition timing according to an engine operation condition by considering that rotational-speed 
change of an engine is conformal accelerated motion, and computing ignition timing based on the 
continuous period between [ 2 times of] crank criteria locations. Moreover, it is supposed that it is 
the electronic ignition timing control approach of the gasoline engine which enabled this indication 
invention to light an above-shown official report also in the time of change of an engine speed at the 
optimal ignition timing according to operational status. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the conventional approach of optimizing a 
spark-ignition engine's ignition timing cannot necessarily be satisfied, and has various troubles. For 
example, the ignition timing adjustment equipment of the indication to above-shown JP,56- 
165 772, A has the weak spot referred to as that the optimal output is not necessarily obtained, when 
there is constraint referred to as being able to apply only when alcoholic concentration is before and 
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after a predetermined value and the fuel of the gasoline / alcoholic concentration of arbitration is 
used. Moreover, the approach proposed by above-shown IP,1- 193079, A has the problem necessarily 
said that the optimal ignition timing is uncontrollable, when the fuel with which a fuel property, for 
example, an octane value, differs from the rate of combustion etc. is used like [ in the case of a high 
octane gasoline and regular gasoline ]. 

[0006] It is offering the spark-ignition engine having a means the purpose of this invention 
optimizing a spark-ignition engine's ignition timing irrespective of the class of use fuel in view of the 
trouble which the conventional spark-ignition engine's optimal ignition timing control means 
requires, and offering the ignition timing optimum control approach. 
[0007] 

[Means for Solving the Problem] As a result of this invention person's etc. repeating research and an 
experiment further based on these conventional technique, the ignition timing when a spark-ignition 
engine shows the maximum thermal efficiency, i.e., the optimal ignition timing, found out that the 
rotational frequency of the class of fuel, an air-fuel ratio, an inhalation air content, or an engine was 
a linear function of a certain independent specific factor. 

[0008] Below, this invention person etc. explains [ which came to find out that the optimal ignition 
timing is the linear function of a specific factor ] an experimental result. 
The single-cylinder engine (single-cylinder engine of model 530 type made from AVL) with 
example of experiment 1 displacement of 403 cc was selected as a trial engine, it converted so that a 
fuel lean mixture could also be operated, and a pressure sensor is attached and it enabled it to 
measure the pressure of a combustion chamber further. 

[0009] In the above-mentioned reconstruction engine, the pure article of each hydrocarbon of an 
isooctane, benzene, toluene, 1-hexene, 2, 4 and 4 trimethyl pentene (DIB), and a cyclohexane was 
used as a fuel, I200rpm and a MAP changed the air- fuel ratio by the service condition of 660mmHg 
(s), and the engine speed performed the combustion test, a combustion test — every fuel — and the 
engine was operated by the service condition which boiled and changed various ignition timing for 
every air-fuel ratio, and engine power and the pressure of the combustion chamber corresponding to 
whenever [ crank angle ] were measured for every set-up each point fire stage. 
[0010] Subsequently, in order to compute the angular displacement of whenever [ crank angle / until 
combustion advances from the criteria mass combustion rate of arbitration, for example 0%, (at the 
time of ignition) and it reaches the mass combustion rate of arbitration, for example, 10%, fi-om a 
measurement result ], drawing 2 and drawing 3 were created. The last was asked for the correlation 
with MBT and the combustion period when the mass combustion rate at that time becomes from 0% 
by 10%. 

[001 1] How to search for the combustion period when a mass combustion rate becomes below from 
0% by 10% using the creation approach of a graph and it which show drawing 2 and drawdng 3 is 
explained. Drawing 2 is the angular displacement (shown by theta and [the abbreviated name of **C 
A "Crank Angle"].) of whenever [ crank angle ] in an axis of abscissa, tihe following — easy — 
whenever [ crank angle ] — saying — a graduation has cylinder internal pressure in an axis of 
ordinate, respectively, and the relation between whenever [ in the time of motoring and firing 
(lighting / no /) / crank angle ], and cylinder intemal pressure is expressed. The pressure pM (theta 
(theta is attached in order to show that pM is the function of theta.)) at the time of motoring of a 
combustion chamber [ as opposed to whenever / each crank angle / by this ] Hereafter, being the 
same and the pressure pF at the time of firing (theta) can be read. As for a heat rate (dQ (theta)) and 
a mass combustion rate (X (theta) [%]), a graduation has whenever [ crank angle ] in an axis of 
abscissa at an axis of ordinate, respectively, and drawing 3 expresses the relation (graph of a 
continuous line) between whenever [ crank angle ], and a heat rate, and the relation (graph of a 
broken line) between whenever [ crank angle ], and a mass combustion rate with it. 
[0012] As the 1st step, drawing 2 is created in the following procedures. In addition, the following 
operations are computed by the predetermined program from the pressure survey value inputted into 
the arithmetic unit. First, pressure pF (theta) i of the combustion chamber corresponding to [ repeat 
the combustion test at the time of firing N time (N is the nimiber of arbitration) in the same fuel, the 
same air-fuel ratio, and the same ignition timing, and / whenever / crank angle ] theta at suitable 
angle spacing It measures for every combustion test. The range of theta sets a compression top dead 
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center to 0, is to the next compression top dead center, and, in the case of a trial engine (engine of a 
single-cylinder four cycle), becomes 0-720 degrees. In addition, in drawing 2 and drawing 3 , it 
illustrates about compression and an explosion process among four cycles. Subsequently, the 
pressure PF of the average at the time of firing (theta) is computed by the following formula 1 to 
every theta whenever [ each crank angle ]. 
[Equation 1] 

i = N 

Pf = ( I /N) £ (Pf C^) ) i (Al ) 

i«l 

[0013] Pressure survey value pM (theta) i corresponding to [ similarly / whenever / crank angle / at 
tiie time of motoring ] theta It asks and the pressure PM of the average at the time of motoring (theta) 
is computed by the following formula 2 to every theta whenever [ crank angle / of suitable angle 
spacing ]. 
[Equation 2] 

Pu = ( 1 /N)*5: (pm (^) ) i <*2) 

In addition, PM (theta) can also be computed by count from transition of the cylinder content volume 
of whenever [ crank angle ] from the boa of a piston, a stroke, a connecting rod, and the value of 
offset. Relation between the mean pressure PF at the time of firing in theta and (theta) the mean 
pressure PM at the time of motoring (theta) is graph-ized as it is indicated [ whenever / each crank 
angle ] in drawing 2 as theta whenever [ crank angle ]. 

[0014] As the .2nd step, dravsdng 3 is created in the following procedures. First, the heat rate dQ 

(theta) for whenever [ crank angle / every ] is computed by the following formulas. 

dQ(theta) =A/(kappa-l) -(PM (theta) and dPF+ (theta) kappa-PF (theta), and dPM) A (theta): Heat- 

equivalent-of-work =1/J kcal/kg and mkappa: As it is indicated [ whenever / ratio-of-specific-beat 

crank angle ] in drawing 3 as theta whenever [ crank angle ], graph-ize relation with dQ (theta) in 

theta. 

[0015] Next, an above-mentioned graph to combustion initiation include angle theta 1 Bum-out 
include angle theta 2 It asks. Combustion initiation include angle theta 1 It is whenever [ crank 
angle / in case a heat rate shifts to forward from negative ], and is the bum-out include angle theta 2, 
It is whenever [ crank angle / in case a heat rate shifts to negative from forward ]. If it puts in another 
way, it will set to drawing 3 , and it is theta 1 . theta 2 in the time of calorific value increasing more 
than heat release It is theta 0 when heat release increases more than calorific value. It is whenever . 
[ in the time of ignition / crank angle ]. In addition, theta 0 theta 1 The difference of whenever 
[ crank angle ] is a period generally called ignition lag (Ignition Delay). 

[0016] Subsequently, by the following formula 3, integral addition is carried out and the amount Q 

of heat release of the period from the above-mentioned combustion initiation (whenever [ crank 

angle ] theta 1) to termination (whenever [ crank angle ] theta 2) is calculated. 

[Equation 3] 
e = G 1 

Q = Z d Q (d) <a3) 

Then, the mass combustion rate X (theta) is computed by the degree ty^c to every theta whenever 
[ crank angle ], and as shown in drawing 3 , it graph- izes. 

The combustion period (it displays by whenever [ crank angle ]) when a mass combustion rate 
becomes 10% from drawing 3 from 0% X(theta) =(dQ (theta)/Q) xlOO% can be searched for. 
[0017] The combustion period when a mass combustion rate becomes 10% from 0% in the above 
procedure for every set-point fire stage was computed by having changed the fiiel and the air-fiiel 
ratio, it asked for the ignition timing which takes out the maximum output in the range which does 
not start knocking from the obtained data at the end, i.e., MET, and the correlation with MET and 
the combustion period when the mass combustion rate at that time becomes from 0% by 10% was 
searched for. 

[0018] The result indicated straight-line relation independently to be the class of fiiel, and an air-fiiel 
ratio about the combustion period (it displays by the suigular displacement of a crank) when the mass 
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combustion rate of a fuel becomes [ MBT ] 10% from 0% as shown in drawing 4 . In addition, the 
axis of ordinate of drawing 4 shows the combustion period (it displays by Combustion Duration and 
angular-displacement **CA of a crank) over various fuels when the mass combustion rate of a fuel 
becomes 10% from 0%, an axis of abscissa is shown by whenever [ crank angle ] ( **CA) by making 
MBT to various fuels into ignition timing (Ignition Timing), and the air-fuel ratio is large toward the 
left of a graph to right-hand side. 

[0019] In the example 2 of example of experiment 2 experiment, it replaced with the fuel of an 
example 1 as a fuel, and the same conditions as the example 1 of an experiment performed the 
combustion test except for having used each oxygenated fuel of a methanol, ethanol, methyl tertiary 
butyl ether (MTBE), and the equivalent mixture (furan 50) of a furan and benzene. The result 
indicated straight-Une relation independently to be the class of fuel, and an air-fuel ratio about the 
combustion period (it displays by the angular displacement of a crank) when the mass combustion 
rate of a fuel becomes [ MBT ] 10% from 0% as shown in drawing 5 . In addition, drav^ing 5 is the 
same as the method of presentation of dravsdng 4 . 

[0020] In the engine used in the example 1 of example of experiment 3 experiment, an isooctane and 
each hydrocarbon pure article of benzene are used as a fuel, and they are engine-speed SOOrpm, 
1600rpm, 2000rpm, and 2400rpm. A MAP, an air- fuel ratio, and ignition timing were changed, and 
the engine combustion test was performed like the example 1 of an experiment. The result indicated 
straight-line relation independently to be the class of fuel, an air- fuel ratio, an engine rotational 
frequency, and a MAP about the combustion period (it displays by the angular displacement of a 
crank) when the mass combustion rate of a fuel becomes [ MBT ] 10% from 0% as shown in 
drawdng 6 . In addition, drawing 6 is the same as the method of presentation of drawing 4 . 
Furthermore, the experiment was continued, MBT took the criteria mass combustion rate of a fuel to 
arbitration (for example, 10%), and this invention person etc. has checked having straight-line 
relation also about the bum time to the mass combustion rate (for example, 90%) of arbitration that 
combustion advanced from there, the same with being shown in drawdng 4 , drawing 5 , and drawing 
6. 

[0021] From the above experimental result, this invention person etc. is related with the combustion 
period (it displays by the eingular displacement of a crank) when the optimal ignition timing (namely, 
ignition by MBT) becomes the mass combustion rate of arbitration from the criteria mass 
combustion rate of the arbitration of a fuel. Regardless of the class of fuel, an air-fuel ratio, an 
engine rotational frequency, and a MAP, it perceives having a straight-line relation, finds out that the 
relation of a parenthesis is dependent only on an engine property, and came to complete this 
invention, 

[0022] In order to attain the above-mentioned purpose, the spark-ignition engine concerning this 
invention In the spark-ignition engine which had the crank connected with the piston in a cylinder 
and a cylinder based on this focus, and has chgmged the reciprocating motion of a piston into rotation 
through a crank The angle sensor which measures whenever [ crank angle / of a crank ], and the 
combustion sensor which measures the mass combustion rate of the fuel in a cylinder combustion 
chamber, whenever [ crank angle / which was measured by the angle sensor ], and the mass 
combustion rate measured by the combustion sensor ~ being based — following formula Y=aX+b — 
[ ~ here The difference of whenever [ in the criteria mass combustion rate of the arbitration of a fuel 
that the ignition timing which displayed Y by whenever / in front of a top dead center / crank angle /, 
and X were injected into the cylinder / crank angle ], and, whenever [ in the mass combustion rate of 
the arbitration in the phase, in which combustion advanced / crank angle ], a and b are characterized 
by having the arithmetic imit which computes a spark-ignition engine's ignition timing by constant] 
which becomes settled with a spark-ignition engine's property, and the control imit which controls a 
spark-ignition engine's ignition timing based on the ignition timing computed by the arithmetic imit. 
[0023] Moreover, this invention is equipped with the crank connected with the piston in a cylinder 
and a cylinder, and sets it to the ignition timing optimvmi control approach of the spark-ignition 
engine which has changed the reciprocating motion of a piston into rotation through a crank, 
whenever [ crank angle / which was measured by the angle sensor which measures whenever / crank 
angle / of a crank ] the mass combustion rate measured by the combustion sensor which measures 
the mass combustion rate of the fuel in a cylinder combustion chamber ~ being based — following 
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formula Y=aX-i-b — [ — here The difference of whenever [ in the criteria mass combustion rate of the 
arbitration of a fuel that the ignition timing which displayed Y by whenever / in front of a top dead 
center / crank angle /, and X were injected into the cylinder / crank angle ], and, whenever [ in the 
mass combustion rate of the arbitration in the phase, in which combustion advanced / crank angle ], a 
and b are constant] which becomes settled with a spark-ignition engine's property, and it is 
characterized by computing a spark-ignition engine's ignition timing and controlling a spark-ignition 
engine's ignition timing based on the computed ignition timing. 

[0024] In the above-mentioned formula, it is arbitrary what% a criteria mass combustion rate is 
made, and it is arbitrary what% the mass combustion rate in the phase in which combustion 
advanced is made. Suitably, a criteria mass combustion rate is made into 0% (ignition), and the mass 
combustion rate in the phase in which combustion advanced is made into 10%. In addition, a mass 
combustion rate shows the rate in which the fuel bumed with the mass of a fuel. Multipliers a and b 
may differ, also when it is the constant which becomes settled with an engine property, it changes 
with the size of an engine compression ratio and a swirl ratio, or existence of a supercharger and the 
range of a mass combustion rate is changed. As each example of an experiment shows, the decision 
of multipliers a and b can change the engine speed and MAP of a fuel, an air-fuel ratio, and an 
engine, can perform an engine combustion test, can plot drawing 4 or a graph like drawing 5 , and 
can ask for it experimentally. 

[0025] Moreover, the above-mentioned formula is unrelated to both the class of fuel an air-fuel ratio 
a MAP and an engine speed, and if it is the spark-ignition engine of the same form, it can buy and 
apply the formula of the same constants a and b to how of a service condition. This invention does 
not have the exception of a high octane gasoline and regular gasoline, it measures the mass 
combustion rate of the fiiel of an engine combustion chamber, computes the optimal ignition timing 
based on the above-mentioned formula, and is always carrying out feedback control of the ignition 
timing to whenever [ crank angle ]. This invention is applicable suitable for the flexible fuel vehicle 
(FFV) it can run using the both sides of a gasoline and a methanol also when converting the 
conventional engine into the engine which uses other specific fuels as a fuel, for example, an LPG 
engine, a CNG engine, a methanol engine, etc. from a gasoline engine, since it is unrelated to the 
class of fuel. 

[0026] As long as the combustion sensor used by this invention can measure promptly the mass 
combustion rate of the fuel in a cylinder combustion chamber, there is no limitation and it can use a 
commercial sensor, for example, the thing to depend on the approach of asking for radical 
luminescence reinforcement with an optical fiber, the thing to depend on the approach of measuring 
the location of a flame by the ion probe, the thing to depend on the approach of measuring 
combustion temperature with a thermo sensor. Moreover, the pressure sensor (ignition plug one 
apparatus, washer mold for ignition plugs (washer mold), etc.) which measures the pressure of the 
combustion chamber of a cylinder as a combustion sensor, for example, piezo type piezoelectric 
transducers, is used, and you may make it compute the mass combustion rate of the fuel according to 
the measured chamber pressure from the known relation between the pressure of a combustion 
chamber, and the mass combustion rate of a fuel so that the example mentioned later may explain. 
Moreover, what is necessary is it to be not necessarily required for to form a combustion sensor in all 
gas columns, for there to be, and to prepare only in the gas colunm to represent in a multiple cylinder 
engine. [ no ] An installation location will not be asked if the installation location of a combustion 
sensor can detect a mass combustion rate. For example, it is good on the cylinder head, a cylinder 
liner, the piston top face, etc. 

[0027] As long as the angle sensor of whenever [ crank angle / which is used by this invention ] is a 
sensor which can detect whenever [ crank angle ], there is especially no limitation and it can use a 
commercial angle sensor. As long as the detecting point can also detect whenever [ crank angle ], the 
point which there is not, for example, is [ distributor / a crankshaft, ] easy to detect may be equipped 
especially with limitation. Moreover, if the sensor is already formed in the engine whenever [ crank 
angle ], the angle sensor can be used. The control device used by this invention can also use the part, 
when the engine is already equipped with the circuit for engine control. 
[0028] 

[Example] Hereafter, with reference to an accompanying drawing, this invention is explained more 
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to a detail based on an example. Drawing 1 is the mimetic diagram of the important section of one 
example of the spark-ignition engine concerning this invention. The spark-ignition engine 10 which 
shows drawing 1 is a reciprocation internal combustion engine of a four cycle, and has the crankshaft 
16 connected with the piston 14 which reciprocates the inside of a cylinder 12 and a cylinder 12. In 
addition, the components without the direct relation to this inventions, such as an air suction port and 
fuel-injection opening, are omitted among drawing 1 . 

[0029] Furthermore, the spark-ignition engine 10 has the pressure sensor 20 attached in the 
combustion chamber 18 as an ignition timing controlling mechanism in order to measure the 
pressure of a combustion chamber, the angle sensor 22 which measures the include angle of a 
crankshaft 16, the arithmetic unit 24, and the control unit 28. An arithmetic unit 24 follows relation 
as shown in drawing 2 and drawing 3 which were produced beforehand. While computing the mass 
combustion rate of the fuel in the pressure from the signal of a pressure sensor 20 The ignition 
timing (MBT) in the combustion period (difference of whenever [ in the setting criteria mass 
combustion rate of the fuel injected into the cylinder / crank angle ], and whenever [ in the setting 
mass combustion rate in the phase in which combustion advanced / crank angle ]) set up beforehand 
is computed by formula Y=aX+b. This ignition timing Y is a spark-ignition engine's 10 optimal 
ignition timing. A control unit 28 controls the ignition timing of an ignition plug 26 based on the 
ignition timing which the arithmetic unit 24 computed. 30 are amplifier which amplifies the signal 
from a pressure sensor 20 among drav^ng 1 . A pressure sensor 20 and an angle sensor 22 are 
commercial sensors. 

[0030] Next, actuation of a spark-ignition engine's 10 ignition timing controlling mechanism is used. 
The pressure sensor 20 and the angle sensor 22 have measured whenever [ pressure / of a 
combustion chamber 18 /, and crank angle / of a crankshaft 16 ] continuously intermittently at 
intervals of [ fixed ] arbitration, and input the measured value into an arithmetic unit 24 immediately. 
An arithmetic unit 24 is computed from the pressure survey value into which the mass combustion 
rate of the fuel corresponding to a pressure survey value was inputted according to relation as shown 
in dravsdng 2 and drawing 3 which were produced beforehand. Subsequently, whenever [ whenisver / 
crank angle / in the mass combustion rate that are an arithmetic unit 24 at the 0% i.e., ignition, time, 
and whenever / whenever / crank angle / in a criteria mass combustion rate /, for example, a mass 
combustion rate, determined it as KO **CA beforehand whenever / crank angle ], for example, a 
mass combustion rate, computes K degrees of angular displacements CA of whenever [ difference / 
with KIO degreeCA /, i.e., crank angle in both mass combustion rate, ] whenever [ in 10% / crank 
angle ]. K degrees of this angular displacement CA are X in the following formula. 
[0031] Then, an arithmetic unit 24 computes a spark-ignition engine's 10 optimal ignition timing Y 
by KM **CA whenever [ crank angle / of the stage ] by following formula Y=aX+b [the constant to 
which it is here and a and B become settled with a spark-ignition engine's property]. KM **CA is 
[ whenever / this crank angle ] equivalent to a minimum point fire tooth lead angle (MBT) as 
checked in the examples 1, 2, and 3 of an experiment. When whenever [ crank angle ] reaches KM 
**CA, a control unit 28 is controlled so that an ignition plug 26 is lit. . 

[0032] The single-cylinder engine (single-cylinder engine of model 530 type made from AVL) with 
a displacement of 403 cc used in the example 1 of example of experiment 4 experiment was selected 
as a trial engine, and this trial engine was equipped with the ignition timing controlling mechanism 
prepared for the spark-ignition engine 10 which shows drawing 1 . Since all were approximated to 
a= 0.978, b= 0.66, or it as a result of analyzing the graph of drawing 4 , drawing 5 , and drawing 6 , 
respectively and obtaining it, the constants a and b of formula Y=aX-i-b to this engine were set up in 
this way. Like the example 1 of an experiment, the pure article of each hydrocarbon of an isooctane, 
benzene, toluene, 1-hexene, 2, 4 and 4 trimethyl pentene (DIB), and a cyclohexane was used for the 
fuel, and it set [ the engine speed ] the chemically correct mixture ratio, equivalent ratio: 1.0 [ i.e., ], 
and the MAP as 660mmHg(s) for 1200rpm and an air- fuel ratio as a test condition. Subsequently, as 
a result of controlling so that the ignition timing of a trial engine is set to MBT as mentioned above, 
the result as shown in the example 4 of an experiment of Table 1 was obtained. 
[Table 1] 
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[0033] Except for having made ignition timing of the example trial engine of a comparison into 8- 
degreeCA lag from MBT, the trial engine was operated on the same conditions as the example 4 of 
an experiment, and the result was shown in Table 1 as an example of a comparison. 
[0034] Li Table 1, if the specific fixel consumption and thermal efficiency of the example 4 of an 
experiment and the example of a comparison are compared, the specific fuel consumption of the 
example 4 of an experiment will decrease compared with the example of a comparison, and the 
thermal efficiency of the example 4 of an experiment will improve compared with the example of a 
comparison. Here, thermal efficiency means the ratio of the heating value changed into work, and the 
heating value supplied to the engine. 
[0035] 

[Effect of the Invention] The angle sensor which measures whenever [ crank angle / of a crank ] 
according to invention of claim 1, The combustion sensor which measures the mass combustion rate 
of the fiiel injected into the cylinder, and whenever [ crank angle / which was acquired by the 
sensor ], and the arithmetic unit which computes a spark-ignition engine's optimal ignition timing 
according to a specific formula based on a mass combustion rate. By having the control device 
which controls a spark-ignition engine's ignition timing based on the ignition timing computed by 
the arithmetic unit, independently, service conditions, such as an engine speed, a class of fiiel, an air- 
fiiel ratio, and suction pressure,^ are controlled so that ignition timing is set to MBT. By controlling 
ignition timing to be set to MBT, irrespective of the class of fuel, a jump-spark-ignition power 
increcises and thermal efficiency and fuel consumption are improved. And since this control 
approach is unrelated to the class of fiiel, it always maintains fiiel consumption at the highest 
condition regardless of the presentation of a gasoline, and the flexible fiiel vehicle (FFV) it can 
further run with both a gasoline and a methanol can also be suitably used for it. Moreover, since this 
invention is unrelated to service conditions, such as an engine speed, a class of fuel, an air-fuel ratio, 
and a MAP, it is very general-purpose and can be widely applied to various spark-ignition engines. 
[0036] By controlling ignition timing by the above-mentioned configuration to MBT, irrespective of 
the class of fuel, the jump-sp£irk-ignition power was reinforced and, according to invention of claim 
3, the ignition timing optimum control approach which improves fuel consumption is realized. 
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42>-!f2 0©M#3&^6'e©EE;t»-C©«SS?4©»aj^«gi!l^ 

A3 nfcjiaii^©i9:^sJii®a8!a!SS9^-r© 47 ^ > ii^^ e 
t jgsM*^a^f L fcsiii-c©^w«8$^^-c© ^ > 
i>nm.t<Dm.) -c<D^.x^m (mbt) «rs:Y=ax+ 

b-Cgta-rSo C©*i^l^«iY*s. ikTE^^ktSMl 0© 
^^A^Sir^i., *IJW^S2 8«. ?l|gLi|g2 4*s 
U/c^.i'ci^JHtcS-:?* cBj/c-?-^ 2 6 ©*j/ci^»!* 
*iJiai^5, 0141. 3 0«E:^j42>1f2 0>&ie.©<i-^* 
*tiH^S*ti@ilT*S. EE:t»H2>-!f2 OSbfftK-fe>-!^ 
2 2». rtj|5©i2>-9-C*-5. 

[003 0] iXfc. ^m-^.iktaM 1 0 (D^Mmmmwi 

m<Dm^^mmfi>. BE^-fe>1f2 0iftS-fe>tf2 2 

«. jtigsB«j{cx»ff;s©-^PS"c»fi^{cj8«ygisi 8 

©JE;tJH:Dfi'^>i'Wi 6©i'^>i7fte[«ri8'JSU-Ci,» 

't<Dm'&m^m.^icmnmm.2Af<cxti^i>. mn 

^S2 4«. ^a)f'^S!{3tifc|l|2RWf03K:^-rJ:^^C 



[003 1 ] i^i^tr. Slffi® 2 4 tt. 

Y= aX+ b 

i'^>^ftgK« • cA-cgLtB-rs. mmm 

K« • CAi*. S/J\*::/Cjift (MBT) KtiSfS 

*Jc>^^ i/2 6 *sj^.^-r-5 J; ^ fcMtaj-rs, 
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* [0 032] mmMA 
mm 1 -rfieffl U)fcstsifi4 0 3 cc©m«fsfi>2^> 

( A V LttMO^-r^U 5 3 0 if ^ 7'©m»gfx>i/>) 
mLtc. C©i>i^>«:*f-r-SSCY=aX+b©^a 

S:c;fb{i. 04. S5Ro-s6©^^:7?:-en-en^*T 

L/T^/cM*, t,»-rtl«>a = 0. 978. b = 0. 66 

j&i»o-en«caffiii/t:(,»fc©-c. c©j:5{ca:^i//c. 

10 j||fasf». HKIWl tPI«K:. -fV:fd'dr>. ^>-e>. 
h;l'X>. 1 — ^+-fe>. 2 • 4 ' 4 hV >t^)V^y7- 
> (D I B) . '>i'P-^+-y>©&^{t*^©|ifiD°a=S:fie 
fflb. ^mm^tLX. x>i?>ig|gt!f^l 20 0rpm 
. ^m^SI&ig^iL IP^^Stb: 1.0. m.WK 
:^7*6 6 0ninHq{C|9:^L//Co ^l/^f. ±j£©J:^{CL 
r. sei^x>i/>©cS:;;c^»i7iSMBT«:^c.5<fc^i 
Lfc*S». *l<i!^»0!l4K:^^J:5&ijg*^&f#/i:. 
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i s o— O c t a n e 


5.794 


5.589 


105.1 


108.2 


30,9 


29.9 


Benzene 


5i754 


5.543 


92.5 


sao 


30.3 


2a2 


To 1 u e n e 


a 740 


5.643 


9a5 


96il 


30-2 


2a7 


D I B 


&876 


5.762 


101.3 


ioa4 


31.1 


3a4 


cyclohexane 


5.742 


5.S91 


95.8 


98L4 


30.5 


29.7 
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c 0 0 3 4 ] a 1 k:*j(,»-c. mmm4jsi.uitmm<oim 

[0035] 

[^iW©5»m] »*Jll©^B^K:j:n«. ^^^^^(DP 
fcj(SS*Jf©MSj(«SJ§gSI^?ri'JS-^Sl^H2>-9-i. ^2>■t^ 

.^^^©.^j/cB^w^Sirisi-r -ssijjajsigi ^m^ict so 



{CJ:0. x>iP>|iIfe|^. M*4©^. ®L\EE 
:t?^©aiK^i»«8M«^ic. .iS::A:i^»i*iMBT{c^S 
J:5{c*iIiapL-CI,>S, j^b^l^JW^MBTtcJSScfc^tcSiJ 
1Si-r€.c<!:lcJ:0. jg**4©«Sfc*i*>*5e>-r. iAcm^.;;c 

c©$([i5ii:^«. «!S«©«Si»«tM0^-c***> 

U% . HJc^f y y > i y i* y~)vam-^M7^mfj:-y 
• ^^xjv • fcf-i';i/ (FFV) ^-Cfejf® 

< affirms, 

[0036] ^*3B3©l8?«{cJ:ti«. ±ie®fll«!Stcj: 

or*j;cB#»3?rMBT{C$IJ®^.5CitCj;f5. jl^S**©* 
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[02] 4'^>i'ftefi->'J>3<'rtff;^<!:©M^4^i^t- 
[03] ^'•^^fftSiJSft^^iiDSH^SCJfi'^^i' 

[04] mmmmi'^*io%i!j>ib i o%«:sija-r^j£<D 



10 



[05] mmmm<i'^*^o%i!fii^> i o%tcsiis-r-sjg© 
[06] mmmm^ifio%iph i o^ccsiM-rsig©* 



!|#e3¥7- 1 8 0 645 
12 

* i/7>i'#©^^fi[iMBT C CA) i©M«^^m-rj 

iSI«a| 3 -c»fc ^ 7 r * i . 

[^^■^©SiH^] 

10 *i^H^ic^S;A:^ec^.:^iaM©-|lifi«ai 

12 JxiJ>df 

14 

16 i'5>^'tt 

18 m/m. 

2 0 EE:^-fe>lf 

2 2 

2 4 

2 6 ^.'X^=7 if 
2 8 $lj{i{p^ 
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